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A Model for Autumn Pelagic Distribution of
Adult Female Polar Bears in the Chukchi Sea,

1987-1994

By G.M. Durner, D.C. Douglas, R.M. Nielson, and S.C. Amstrup

Abstract

We made predictions of polar bear (Ursus maritimus) autumn distribution in the Chukchi Sea
with a Resource Selection Function (RSF) developed from 1198 satellite radio-collar locations on 124
adult female polar bears, 1987 — 1994. The RSF was created to assist in an aerial survey design for polar
bears proposed by the U.S. Fish and Wildlife Service. The RSF was based on bathymetry and daily sea
ice covariates extracted from passive microwave satellite imagery within the pelagic region > 25 km
from shore. The RSF indicated that polar bears selected habitats with intermediate amounts (~50%) of
ice cover in close proximity to higher ice concentrations, and over relatively shallow waters. The RSF
showed good predictive abilities for the years of its construct, worked best in October, and was robust to
inter-annual variability. When evaluated with recent (1997 — 2005) data, the RSF performed well for
October and November but poorly in September. This loss of predictive abilities appeared to be related
to recent changes in habitat due to longer melt seasons and younger sea ice, and testing the retrospective
model with a small sample of recent polar bears locations from a limited region of the Chukchi Sea.

Contemporary applications of this RSF must consider three factors that could limit its utility: 1)



different sea ice phenology; 2) distributions of males and sub-adults; and 3) occupancy in nearshore

habitats.

Introduction

Polar bears (Ursus maritimus) are dependent on the seasonally and permanently ice-covered seas
throughout the Arctic basin to hunt for seals. Sea ice composition and distribution vary both within and
among years. Minimal sea ice extent occurs throughout the Arctic basin during September. During
autumn and into winter, new ice is created in areas of open water and between unconsolidated floes and
eventually covers most Arctic seas. By early winter this new ice thickens and becomes first year ice
that may be > 1 m thick. First year sea ice that survives the summer melt becomes multi-year ice in
autumn. Multi-year ice may persist for a decade or more and become more than 2 m thick. The actions
of winds and currents reshape the ice surface into a mosaic of pressure ridges, leads, and floes of various
diameters and thicknesses.

Polar bear distribution, while generally limited to the distribution of sea ice (Garner et al. 1990),
is further influenced by the habitat requirements and availability of ice dependent prey. Polar bears prey
primarily on ringed seals (Phoca hispida) and secondarily on bearded seals (Erignathus barbatus)
(Amstrup 2003). Hence, polar bear distribution usually reflects the distribution of ice habitats that
optimizes seal availability (Stirling et al. 1993, Ferguson et al. 2000). However, the requirement for
suitable hunting habitat is balanced by the requirement for stable habitat necessary for resting between
hunting bouts (Mauritzen et al. 2003). Polar bears appear to respond to habitat parameters including ice
concentration, ice thickness or age (ice stage), floe size (ice form), the proximity of active ice edges, and
ocean depth (Stirling et al. 1993, Arthur et al. 1996, Ferguson et al. 2000, Mauritzen et al. 2003, Durner
et al. 2004) in their quest for food. Breeding takes place on the sea ice during the season of maximal ice

extent in early spring. In Alaska, many pregnant polar bears depend on a stable sea ice platform for



successful denning (Amstrup and Gardner 1994). Therefore, the use of different sea ice types by polar
bears is dependent on certain life history requirements. Throughout much of their range, polar bear
habitat use changes with seasonal changes in sea ice (Arthur et al. 1996, Ferguson et al. 2000, Mauritzen
et al. 2003, Durner et al. 2004).

The vulnerability of polar bears to climate change is well recognized (Stirling et al. 1999, Wiig
2005, Stirling and Parkinson 2006). An understanding of polar bear sea ice requirements will allow
prediction of likely responses of polar bears to sea ice change from climate warming. This will allow
adjustment of current management strategies where humans and polar bears interact, and to provide
baseline data to identify future habitat refugia in a diminished sea ice environment. Also, current
management strategies are dependent on knowledge of polar bear population size and trends. This
information has been traditionally obtained through intensive field work involving aerial surveys and
mark-recapture studies of free-ranging polar bears, both of which involve a large amount of personnel
time and funding (Evans et al. 2003). Therefore, the efficiency of capture and survey field work may be
increased through an understanding of polar bear habitat selection patterns.

To help address ecologic and management questions, we examined the relationship between
polar bears in the Chukchi Sea and the sea ice environment during the autumn months of 1987 — 1994.
We used archived data of satellite telemetry locations of free-ranging female polar bears, daily sea ice
distributions from satellite remote sensing, and ocean depth to develop predictive models of polar bear
distributions. The analyses were structured in a geographic information system (GIS) to facilitate use of
the data for designing future USFWS aerial surveys of polar bears in the pelagic realm of the Chukchi
Sea. This report does not address the distribution of polar bears on land.

Our report is organized into 3 sections. Beginning on page 4, we present the derivation of a

predictive polar bear resource selection model based on habitat covariates characterizing the sea ice



environment and ocean depth. The model constructed is a resource selection function (RSF), which
predicts the relative probability of use, or values proportional to the probability of use, of habitats
(Manly et al. 2002, McDonald et al. 2006). Starting on page 13, we evaluate the RSF model by
examining the association between predicted and observed polar bear distributions. We quantified these
associations with the monthly and interannual variability of sea ice in the Chukchi Sea during autumn.
We also investigated sensitivity of the predictive ability of the final model to daily concordance between
measured sea ice conditions and polar bear locations. Finally, the robustness of the final RSF for
predicting recent polar bear distributions is explored and discussed with respect to recent sea ice
conditions, which have changed substantially since 1994. The overall results and implications of this

study, with management applications, are presented in the Discussion.

Deriving the Resource Selection Function

This section describes the formulation and evaluation of an RSF for polar bears in the Chukchi
Sea during autumn, 1987 — 1994. The RSF is a function that is proportional to the probability of use of
resources by an animal (Manly et al. 2002). The analysis was developed to allow for changes in habitat

availability over time (Arthur et al. 1996).

Study area

Our study area was the Chukchi Sea within the region bounded by 156° W to 170° E, and 66° 30’
N to 80° N (Fig. 1). Boundaries were chosen to represent the extent of Chukchi Sea ice conditions and
typical polar bear movements on the sea ice during 15 September — 14 November (autumn). The study
area was further delineated based on two factors. First, this analysis used passive microwave imagery
(SSMR, SSM/I; National Snow and Ice Data Center, Boulder, Co.) as the source of sea ice data. These

data are in a raster format with a pixel size of 25 x 25 km. Because passive microwave data are not



reliable along shorelines (Cavalieri et al. 1990) we excluded passive microwave pixels, and polar bear
location data that were within 25 km of land. A rasterized land mask (1:10°-scale Digital Chart of the
World; Defense Mapping Agency, 1992) with a 25 km buffer effectively removed most of the coastal
pixels. Because this land mask mimicked the resolution of passive microwave data, the resulting 25 km
shoreline buffer was blocky rather than smooth (Fig. 2).

The study area also was allowed to vary by day depending on sea ice extent. Because polar
bears cannot forage effectively in open water, and because polar bears swimming in large expanses of
open water are likely enroute to ice covered areas or land, we defined the southern boundary of the
study area for each day as the southern extent of sea ice on that day. Open water regions were not
considered as available habitat so polar bear locations south of the ice edge were excluded. The coarse
resolution of microwave satellite imagery meant that some pixels classified as ‘open water’ may have
contained undetected sea ice. To account for this lack of precision we buffered areas of pack ice
recorded with >15% ice concentration with a 50 km polygon. We then retained the single, very large
polygon of pack ice that always occupies the central Arctic. Consequently, any small parcels (islands)
of sea ice (=15% ice concentration) south of the main pack were not included in the study area. The
periphery of the single large polygon was considered the edge of the main ice pack, and is hereafter

termed the 15% ice contour.

Polar bear location data

We used location data from satellite radio collars deployed on adult female polar bears captured
in the Chukchi and the Beaufort seas during 1987 — 1993. Polar bears were captured with standard
animal immobilization techniques (Stirling et al. 1989) each spring from 15 March — 5 May, 1987 —
1993, and during autumn 1988 and 1989. Bears were equipped with a PTT (platform transmitter

terminal; Telonics, Inc., Mesa, AZ) radio collar. PTTs transmitted to polar-orbiting satellites which





